A new species of the genus Thiomicrospira was isolated from the 21"N deep-sea (2,600-m) hydrothermal vent area of the East Pacific Rise. This organism is an obligate chemolithoautotrophic sulfur oxidizer and differs from the two other species of this genus by its deoxyribonucleic acid base composition and by its growth rate and optimal pH in thiosulfate medium. The new species is named Thiomicrospira crunogena and has been deposited in the American Type Culture Collection as strain ATCC 35932, as well as in the Delft Culture Collection as strain LMD 84.00.
The discovery of communities of fish and invertebrates living in total darkness in association with the deep-sea hydrothermal vents at the East Pacific Rise has stimulated interest in non-photosynthetic means of energy generation. It appears that most, if not all, of the primary production in these communities is by chemosynthetic (chemolithoautotrophic) bacteria which oxidize the reduced, inorganic molecules issuing from the vents (4). Hydrogen sulfide is among tlhe most abundant of these, and thus considerable attention has been paid to the presence of colorless sulfur-oxidizing bacteria in these waters.
The genus Thiomicrospira was first described by Kuenen and Veldkamp (6) , who isolated Thiomicrospira pelophila firom the sulfide-containing intertidal mud flats of the shallow Dutch Waddenzee. Since then, Thiomicrospira denitrijicans, a species which oxidizes reduced sulfur compounds under denitrifying conditions, has also been isolated from Waddenzee sediments (14).
In 1981, it was reported (11) that 12 strains of obligately chemolithotrophic sulfur-oxidizing bacteria found in the water and on the surfaces surrounding the Galapagos Rift vents were, in fact, members of the genus Thiomicrospira. Many of these isolates closely resembled T. pelophila. In this paper we describe the characterization of a different isolate from another vent field (21"N, 109"W) which is clearly a member of the genus Thiomicrospira, but which differs from both of the previously described species.
MATERIALS AND METHODS
Isolate T H -S T (T = type strain) was obtained from scrapings from the outer tube casing of a vestimentiferan tubeworm collected from a hydrothermal vent located on the E:ast Pacific Rise at a depth of 2,550 m (21"N, 109"W).
The artificial seawater (ASW) medium used contained 430 mM NaCl, 7.6 mM (NH4)2S04, 6.1 mM MgS04, 3.1 mM K2HP04, 2.4 mM NaHC03, 2.0 mM CaC12, and 20.0 mM Trizma hydrochloride. Phenol red (2 ml of a 0.5% solution) and a trace element solution (1.0 ml of solution SL-8 [l]) were also added. Unless otherwise stated, 10 mM Na2S203 was supplied as the source of energy (T-ASW medium). The pH was 7.5. The ability to utilize organic substrates was checked in ASW medium supplemented with 0.1% sodium acetate, glucose, sodium glutamate, or casamino acids. Peptone-yeast extract (0.1% each) seawater medium and Difcp 2216 marine broth were also used.
To determine the pH range permitting growth, the medium was adjusted to pH values between 4.0 and 8.5 Growth was determined by changes in the color of pH indicator dyes and by acridine orange epifluorescent cell counts over a period of 48 h. The temperature limits of growth were established by screening for acidification (7 days) at 2 to 4°C increments over the temperature range from 3 to 65°C.
The ability to oxidize and grow on reduced sulfur compounds was tested by using ASW medium and 10 mM thiosulfate, 3.0 m M sulfite, 2.0 mM thiocyanate, or 0.1% sulfur. Growth at the expense of sulfide was determined by using 0.2% slush agar gradients over an 8.0 mM sulfidecontaining agar plug (7). Uninoculated controls showed no pH change.
The maximum growth rate in T-ASW medium was determined at 25°C by direct counts (acridine orange staining and epifluorescence microscopy) and also from the rate of C 0 2 fixation, using radiolabeled NaH14C03. The dependence of 14C02 fixation rates on sulfide concentration was determined in ASW medium inoculated from an overnight culture grown in T-ASW medium. Incubation was at 22"C, and the general Data from this study.
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procedures of Ruby and Jannasch (10) were followed. At zero time, sulfide concentrations were between 10 and 2000 pM. The rate of C02 fixation with 10 mM thiosulfate was determined as a control. The effect of hydrostatic pressure on I4CO2 fixation was determined by using T-AS W medium in serum-stoppered Nalgene tubes. The cultures were incubated for 4, 15, and 24 h at 1, 100, 250, 300, 400, and 500 atmospheres (1.01 x lo2, 1.01 x lo4, 2.52 x lo4, 3.03 x lo4, 4.04 x lo4, and 5.05 x lo4 kPa, respectively).
A requirement for elevated concentrations of Ca2+ and Mg2+ was investigated by using a modification of the terrestrial-freshwater medium described by Reichelt and Baumann (9). This medium contains 2.0 mM Mg2+ and 0.55 mM Ca2+. It was modified by adding 256 mM NaCl; the concentration of tris(hydroxymethy1)aminomethane hydrochloride was reduced to 20 mM, and succinic acid was omitted. Different increased Ca2+ and Mg2+ concentrations up to 2.0 and 6.1 mM, respectively, were used; 5.0 mM thiosulfate or 0.1% sulfur was used as a source of energy.
Denitrification was tested in anoxic T-ASW medium which contained 0.2% KN03. The NaCl content of the medium was reduced accordingly to eliminate the possible effects of increased ionic strength.
Nitrogen fixation was tested by measuring acetylene reduction in the following two types of medium: (i) ASW medium in which the (NH4)2S04 had been replaced by an equivalent molarity of Na2S04, and (ii) a natural seawatersulfide-oxygen gradient medium (8) .
The guanine-plus-cytosine content of deoxyribonucleic acid was determined by using hydroxyapatite purification, followed by thermal denaturation (3). Escherichia coli strain 640 K12F (50.5 mol% guanine plus cytosine) and T . pelophila ATCC 27801 were used as standards.
Thiosulfate was measured by the method described by Sorbo (12) , and sulfide was measured by using the diamine reagent method of Cline (2) .
RESULTS
The new isolate (strain TH-55T) is a gram-negative vibrioid bacterium (0.4 to 0.5 by 1.5 to 3.0 pm) which is motile by means of a single, polar flagellum (Fig. 1) . On T-ASW agar it produces white, smooth, entire colonies (diameter on 2% agar, 2 mm; diameter within 1% agar, up to 1 cm) in which sulfur is deposited and acid is produced, Isolate TH-55T is an obligate aerobe and does not denitrify. However, it can grow under microaerophilic conditions. It does not fix molecular nitrogen. Table 1 shows the major differences among isolate TH-ST, T. pelophila, and T . denitriJcans.
Growth did not occur in unsupplemented ASW medium or in ASW medium supplemented solely with organic substrates. Isolate T H -S T oxidized and grew when thiosulfate, sulfide, or molecular sulfur was provided as an energy source but not with sulfite or thiocyanate. The optimum concentration of sulfide for carbon dioxide fixation was 100 pM, and the rate was 80% of the rate of the T-ASW medium control. Carbon dioxide fixation continued at sulfide concentrations up to 800 pM, and sulfide was toxic at a concentration of 2,000 pM. C02 was the primary source of carbon. During exponential growth, 8.5% of the C 0 2 fixed was excreted as low-molecular-weight organic compounds.
The maximum growth rate of this organism, as determined by direct counts, was remarkably high compared with other Thiomicrospira species (Table 1 ) . Therefore, the growth rate was checked by C02 fixation, observing precautions necessary for relating metabolite incorporation to growth rate (13) . The results obtained were in good agreement.
Isolate TH-MT can grow at pH values ranging between 5.0 and 8.5 and at temperatures ranging between 4.0 and 38.5"C. The optimum pH is between 7.5 and 8.0, and the optimum temperature is between 28 and 32°C. At 250 atmospheres (2.52 x lo4 kPa), C 0 2 fixation was 80% of that found at 1 atmosphere (1.01 x lo2 kPa). Growth did not occur at 400 atmospheres (4.04 x lo4 kPa) or above.
Isolate TH-55T requires NaCl at a concentration which is at least 10% of that of seawater for growth. It does not require Mg2+ or Ca2+ concentrations above those found in the standard terrestrial-freshwater medium.
DISCUSSION
Isolate TH-55T is clearly an obligately chemolithotrophic member of the genus Thiomicrospira (5). However, as Table  1 shows, there are significant differences between the new isolate and the two previously named species which preclude the identification of isolate T H -S T as a member of either species. Therefore, we propose that isolate TH-VT be considered a separate species and be given the name Thiomicrospira crunogena (cru.no.ge'na. Gr. n. crunos spring; Gr. v. genomai to be generated; crunogana spring born). A culture of this organism has been deposited in the American Type Culture Collection as strain ATCC 35932 and in the Delft Culture Collection as strain LMD 84.00; this is the type strain of the species T. crunogena.
